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ABSTRACT 
Determination of Optimum Quality 
in Ground Turkey Formulation 
by 
Juntip Chongdarakul, Master of Science 
Utah State University, 19?4 
Major Professor: Charlotte P. Brennand 
Department: Nutrition and Food Sciences 
viii 
Ground turkey samples were prepared with different fat levels, fat 
types, percent mechanically deboned meat and grind. All samples were 
analyzed at three different time-intervals. Samples were evaluated by 
chemical, sensory, and physical measurements, in term of stability, water 
content, fat content, press fluid, water loss, flavor, texture, and 
hedonic values. Significant differences were determined by analysis of 
variance. 
Coarse ground (5/8") samples showed significantly higher TBA 
numbers, fat content, total loss, and juiciness. Water content, flavor 
scores, amount of press fluid, texture scores, and hedonic scores were 
lower when compared to the fine and medium ground samples. 
Results of adding different percents deboned meat showed that TBA 
number and water content increased as the percent deboned meat increased. 
Decreases in flavor score, fat content, press fluid, total loss, and 
juiciness were obtained with increased percent deboned meats. However, 
sensory panelists preferred the samples with 10 percent added deboned 
meat to other deboned levels regardless of grind. 
ix 
The results of adding different types and levels of fat indicated 
that samples containing vegetable fat had the lowest TBA numbers while 
the samples containing beef fat showed the highest value. As the level 
of fat and length of storage increased, TBA numbers increased signific-
antly. 
Sensory panel scores for juiciness and press fluid of the individ-
ual treatments fluctuated with level of added fat. As the fat levels 
were increased, juiciness scores and the amount of press fluids increas-
ed s ignificantly. 
Loss due to cooking and thawing was highest for samples containing 
vegetable fat and lowest for samples containing pork fat. An increase in 
total loss was observed as fat levels were increased. Samples with turkey 
and beef fat received the high texture scores. The low texture scores 
appeared as the level of any type of fat increased. All samples with 
10 percent added fat received the highest score for overall acceptability. 
(86 pages) 
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INTRODUCTION 
Turkey, long a perennial seasonal favorite, has been considered by 
most people to be a luxury meat and only for roasting. Fast transportation 
and mass production techniques have made turkey available to all; and 
freezi ng process has made it available all year long. The majority of 
turkey produced annually reaches the market as frozen dressed birds. 
With the introduction of the deboning machine, the possibility of 
utilizing turkey parts (necks, backs, racks, and drumsticks) which pre-
viously were not fully utilized was recognized by turkey producers and 
marketers. These parts can now be deboned in la~ge quantities and offered 
to the consumer as turkey products in a variety of food items. 
Carrol I. Draper (1972) investigating the market for ground dark 
meat reported that such meat had been leading the list in pounds meat 
s old since th e consumers used ground meat in many recipes. Consumption 
of hamburger in the United States in 1972 was 32 pounds per person 
annually. Draper hoped ground turkey meat could capture at least part of 
this market. 
However, it was found that instability of ground turkey meat was a 
great problem. The increase in surface area, and the incorporation of 
air into the meat grinding plus the presence of hemecatalysts induced 
high susceptabili ty to lipid oxidation (Keskinel et al., 1964; Webb 
et al., 1972). 
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The main purposes of this study were: 
1. To evaluate different methods of grinding (coarse, medium, 
and fine). 
2. To discover the effect of added deboned meat to ground 
turkey at different levels (0 percent, 10 percent, 20 percent, 50 
percent, 80 percent and 100 percent deboned meat). 
), To evaluate the effect of adding different kinds of fat 
(turkey, beef, pork, and hydrogenated vegetable fat) to ground meat. 
4. To find the optimum level of the preferred fat for pre-
pared turkey patties (0 percent to 30 percent). 
5. Lastly, to determine the effect of storage time (0, 2, 
and 4 months) on palatability. 
Samples of turkey burger were evaluated by chemical analysis, 
physical measurement and sensory panels. Chemical analysis included 
measuring the water content, total lipid and the TBA number. 
Juiciness of the samples was determined by a succulometer. A 
screened, semitrained taste panel consisting of 20 judges evaluated 
flavor, texture and juiciness on a nine point rating scale, 
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REVIEW OF LITERATURE 
Fat in meat 
Dugan (1971) stated that the dominant fats in animal meat contain 
saturated fatty acids and mono-unsaturated fatty acids, The unsaturated 
fatty acids found in meat fats were reported to be those with one or 
more double bonds in the carbon chain. Acids containing triple bonds 
have not been found in animal fats. The more unsaturated acids have the 
lower melting points. 
When evaluating the lipids of raw and cooked ground beef and pork, 
Campbell and Turkki (1967) found similar fatty acid patterns of the lip-
ids in raw and cooked meat, except that the concentration of linoleate 
in the phospholipids was higher in cooked than in raw pork. 
The distribution of lipids in animal tissue is variable in both 
quantity and type (Acosta et al., 1966; Dugan, 1971). Satterlee et al. 
(1971) reviewed the report of Essary and Ritchey (1968) that mechanically 
deboned turkey light meat contained 15.03 percent fat, whereas the dark 
meat produced a product with 12.39 percent fat. 
Grunden et al. (1972) reported that the lipid values of the mechan-
ically deboned turkey were higher than those of hand-deboned meat. 
They gave the explanation that "this was due partially to the removal 
of the bone and the concentrating effect of the deboning process." 
Acosta et al. (1966) studied the type of fatty acids in turkey 
breast, leg, liver, heart, and gizzard. The summation was that all of 
the tissue contained the same three major phopholipids: cephalin, 
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lecithin, and sphingomyelin. An apparent decrease in the phospholipid 
content of these tissues occurred with storage (0, 60, or 180 days at 
-25 C), whereas the total lipid content of samples decreased only in the 
case of liver. 
Several workers (Dugan, 1971; Tuomy and Lechnir, 1964; Bratzler, 
1971; Bentz et al., 1952; Naumann et al., 1951; Riemenscheider, 1955; 
Smith, 1961; Dimick et al., 1972; Taylor, 1969; and Osborn et al., 1969) 
reported the importance of fat in the quality of various kinds of meat 
including turkey, chicken, beef, pork and venison. 
Clauss et al. (1956) stated that when the meat samples of ground 
beef, pork and lamb were stored in the containers of low fixed gas per-
meability sealed under 27 to 29 inches of vacuum, the presence of some 
fat (15 to 20 percent) in the meat seemed to cause slightly better retention 
of overall acceptability of the meat during s torage of 3 to 4 weeks at 
temperature of J4 F to 42 F than was found in all-lean samples. The 
reason might presumably be due to the fact that meats with some fat 
produce better flavor than all lean meats. The low gas permeability 
would also limit the level of fat oxidation. 
Dugan (1972) stated that fat plays important roles in flavor and 
in the keeping quality of meats. Tuomy and Lechnir (1964) reviewed the 
report of Murphy and Carlin (1961) that fat marbling of pork had a highly 
significant positive effect (1 percent level) on both tenderness and juici-
ness of meat. This confirmed the study of Seimers and Hanning (1953) on 
juiciness of beef. Siemers and Hanning (1953) reviewed the result of 
Satorius and Child which indicated no relationship between fat content 
and the amount of press fluid. They also reported the suggestion of 
Gaddis, Hankins, and Hiner that "low intra-fat meat should yield more 
press fluid than that of high fat content if the meat were cooked with 
little water loss; if the meat were overcooked, the reverse would be 
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true "(page 113). The conclusion was that a high fat content coupled with 
low temperature cookery for short periods yielded more juicy meat. 
Fishwick (1968) studied the changes in the lipids of diced turkey 
leg and breast muscle stored for 22 days at 0 C and -3 C and up to one 
year at -10 C, -20 C, and -60 C, The result showed that free fatty acids 
i ncreased at all temperatures except -60 C. Ninety percent of the fatty 
acids liberated were unsaturated. This result ascertains the nature and 
extent of hydrolysis over a range of storage temperature and was expected 
that those liberated free fatty acids would accerate deteriorative changes 
associated with protein denaturation during frozen storage. 
Rancidity of meat 
The most important source of deterioration in meat stored at low 
temperature is the development of rancidity (Naumann et al., 1951). 
Several factors affect rancidity development during frozen storage of 
meat, including temperature and length of storage; effectiveness of 
packaging materials and methods; pH of the meats; availability of o2 ; 
the character of the fat of the meats, especially in the degree of 
unsaturation of the fatty acids present; and the effect of such added 
materials as seasonings, pro-oxidants, and anti-oxidants (Naumann et al., 
1951; Neil and Page, 1956). Sex, age of animals, and natural catalysts 
found in tissue also influence the oxidation of turkey lipids (Osborn 
et al., 1969). 
Katz (1970) identified at least three kinds of rancid odor: 
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1. Oxidative rancid odor of fat and oils in which the hematin 
compounds appear to be the most active naturally ocurring catalyst for 
unsaturated fat oxidation at low temperature (Tappel, 1953). 
2 . Sour, putrid odors resulting from hydrolytic rancidity 
of fat of the lower molecular weight fatty acids (such as those occurring 
in butter). 
J, Bitter, soapy odors that occur when coconut oil is 
hydrolyzed. 
Younathan and Watts (1959), Watts (1961) and Katz (1970), reported 
that oxidative rancidity occurred in products either containing dissolved 
oxygen in a liquid food, or containing oxygen from the air as part of an 
aerated or foamed structure. This oxidative rancidity was responsible for 
off-odors and flavors which developed during storage in muscle tissue 
subjected to thermal treatment. 
Oxidation of unsaturated fatty acids leads to the formation of 
peroxides, aldehydes, acids, ketohydroxy and epoxy compounds, as well as 
free radical and polymers of the oxidized products. The destruction of 
their natural biological properties occurs when these products interact 
with cell constituents such as proteins and vitamins (Buttkus, 196?). 
Protein bound phospholipids are important food constituents invo-
lved in the deteriorative reactions which take place during processing 
and storing. They are among the more labile components of foods and can 
not be extracted readily with the usual fat solvents, except with more 
polar solvents such as methanol and ethanol. This deteriorative oxida-
tion reaction was sometimes designated as "tissue rancidity" (Younathan 
and Watts, 1959). 
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Younathan and Watts (1959) concluded that bound lipids contribute 
markedly to the reactions responsible for rancid odor and flavors in 
cooked meats; when assays are performed on the whole tissue, the organo-
leptic changes are correlated with rancidity, but when fat alone was ex-
tracted with the usual solvents, the change did not occur. However, 
Bernhein et al. (1948) studied egg lecithin and stated that oxidation 
of certain double bonds in a fatty acid can occur whether the fatty acid is 
free or bound in the lecithin molecule. 
According to Acosta et al. (1966), "the rates of oxidation of total 
lipid, cephalin and lecithin were found to vary between cooked and un-
cooked turkey. The cooked samples had a shorter induction period and 
absorbed more oxygen than samples from uncooked turkey. Of the phospho-
lipid fractions studied, lecithin was most active in the early stages of 
autoxidation. The non-phospholipid fraction was fairly resistant to 
oxygen uptake." 
Valin et al. (1972) studying meat from cows, bulls, pigs, and 
sheep, found that the oxidation of lipids and the liberation of free 
fatty acids during a long storage period at a temperature not to exceed 
-20 C were the same order as those found in fresh meat preserved for 
15 days at 4 C. 
Hoynak (1963) and Younathan and Watts (1959) pointed out that very 
highly unsaturated fatty acids are quite widely distributed in small 
quantities as constituents of the fatty acid moiety of phospholipids and 
also found that phospholipids from a particular tissue are appreciably more 
unsaturated than triblyceride fat from the same source. This was confirmed 
by Younathan and Watts (1960), who stated that the lipid fractions 
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chiefly involved were not the triglycerides, but rather proteolipids 
and phospholipids. The oxidative reaction of pork in rancid samples was 
shown to be much more intense in the phospho and proteolipid phase, al-
though these lipids represent only a samll proportion of the total weight 
of lipid (Younathan and Watts, 1959). 
Hematin compounds (hemoglobin, myoglobin and the cytochromes of 
animal tissue) were found to be predominant and powerful catalysts in 
the oxidation of unsaturated fat of fin fish and land animals, including 
pork, poultry, beef and others (Tappel, 1953; Lew and Tappel, 1956; Watts, 
1961; and Hoynak, 1963). The catalytic effect of hemoglobin and other 
iron porphyrins on the oxidation of lipid is a generally accepted phe-
nomenon, and this reaction following the denaturation of associated 
heme proteins brings about destruction of the pigment as well as oxida-
tion of fat (Younathan and Watts, 1958, 1959; Watts, 1961). 
Greene (1971) found an interrelationship between color and flavor, 
more specifically, between metmyoglobin (MetMb) and rancid flavor, by 
showing that ferric heme (MetMb in raw meat, denatured globin hemichrome 
in cooked meat) catalyzes oxidation of polyunsaturated fatty acids. 
Younathan and Watts (1959) showed that ferrichemochromogen is an active 
catalyst for unsaturated fat oxidation, whereas ferrous nitric oxide 
hemochromogen is not. 
During oxidative decomposition of highly unsaturated fatty acids, 
aldehydes, ketones and acids of lower molecular weight are formed (Kes-
kinel, 1964). Malonaldehyde, a three carbon compound, reacts with TBA 
to give a red pigment with a maximum light absorption at 530-538 ~ 
(Keskinel, 1964), 
Sinnhuber et al. (1958) also demonstrated a method for the quan-
titative determination of malonaldehyde with TBA using 1,1,3,3-tetrae-
thoxypropane (TEP) as a standard. Acid hydrolysis of TEP yields malon-
aldehyde, which reacts with TBA to yield the real pigment with an ab-
s orption maximum at 535 ~· The results were expressed as TBA number, 
or mi lligrams of malonaldehyde per 1,000 g of sample. No evidence was 
offered, however, that the free malonaldehyde existed in rancid fishery 
products. The molecular configuration of the pigment is believed to be 
a condensation products of two molecules of TBA with one molecule of 
malonaldehyde. 
The TBA test was useful since it could be performed without ex-
tracting the fat from food samples and could be correlated with sensory 
evaluations of cooked meats, including turkey (Bowers, 1972; Tarladgis 
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et al., 1962). Ramseys and Watts (1963) reported that although malonal-
dehyde itself contributed very little to rancid odor, it was nevertheless 
important, because it accompanied other lipid oxidation products which 
were more difficult to measure. The sensitivity of the test was found 
to increase as the degree of unsaturation increased (Ramseys and Watts, 
1963). 
Osborn et al. (1969) suggested a greater susceptability to oxida-
tion of male turkey meat than of female, since the latter contained less 
linoleic (18:2) and more oleic acid (18:1) than the former. In the deter-
mination of oxidation in egg lecithin by Bernhein et al. (1948) it was 
concluded that pure linoleic acid (18:2) gave only a trace of color 
with thiobarbituric acid. Under the same conditions pure methyllinolenate 
(18:3) produced a large amount of the characteristic color. 
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Free malonaldehyde was readily converted into its volatile form 
by acidification, wheras both acidification and heating were necessary 
to release malonaldehyde from its bound state in proteins, as well as 
for condensation of malonaldehyde with TBA (Kwon et al., 1965). 
A recent statistical analysis indicated that rancidity of animal 
foods correlated better with the content of 2-thiobarbituric-acid-
reactive substances (TBRS) than with peroxide determinations (Turner 
et al., 1954; Kwon et al., 1965). TBA-active compounds, however, were 
not of a peroxide nature (Saslaw and Waravderkar, 1965). 
Several observations suggested that malonaldehyde is only one of 
the TBRS. Nevertheless, malonaldehyde and other TBRS are alike in being 
water soluble, TEA-reactive, able to react with proteins, and in having 
a pH-dependent volatility (Kwon et al., 1965). The ferric chloride test 
might be used to distinguish between malonaldehyde and the TBA-active 
products since the ferric chloride test does not detect malonaldehyde 
(Saslaw and Waravdekar, 1965). The different requirements for color 
development permitted a distinction to be made between malonaldehyde, 
and the TBA-active compounds in the extracts. An enolic dicarbonyl 
compound is required in ferric chloride test, whereas conjugated al-
dehydes is required in the TBA test. The distinction was not possible 
with the use of the TBA test alone (Saslaw and Waravderkar, 1965). 
Poultry lipids were found to be more unsaturated than those of 
red meats and contained a lower level of natural antioxidants (Marion 
and Forsythe, 1964; Keskinel et al., 1964; Hartung, 1965). Turkey fat 
was more susceptible to rancidity than chicken fat due to a lower to-
copherol content (Hartung, 1965). Turkey muscle also contained a higher 
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myoglobin content than chicken meat (Grunden et al., 1972). These fac-
tors may account for levels of oxidation in light meat of turkey as high 
as those of heavily pigmented beef, since protein-bound lipids and phos-
pholipids contained more unsaturated fatty acids than do triglycerides. 
The amount of protein-bound lipid and phospholipids in the tissue might 
also provide an index of expected oxidation. Therefore, pork meat which 
contained a lower level of phospholipid content than that of beef also 
had the lower TBA numbers (Keskinel et al., 1964). 
Osborn et al. (1969) reported that total fat content of turkey 
did not reflect the oxidation rate of the lipids, as determined by the 
TBA analysis described by Tarladgis et al. (196o); therefore, it would 
appear that total carcass fat was not directly related to lipid stabi-
lity. This, however, disagreed with the report by Marion and Forsythe 
(1964) which revealed that a positive relationship existed between the 
amount of total lipid and the oxidation rate in red and white muscle of 
raw ground turkey samples. 
Off-flavor of meat 
Flavor was considered to be one of the most important factors by 
which consumers determined the quality of meat (Trieb, 1971). Flavor 
deterioration was caused by the autoxidation of meat tissue; the oxi-
dation of intra-muscular lipids resulted in a characteristic smell. The 
terrns"off-flavor", "stale", "rancid", and "warmed-over" were often used 
(Cipra and Bowers, 1970). 
Cipra and Bowers (1970) found that in order to determine the 
degree of staleness and rancidity in cooked turkey stored for a short 
time, sensory evaluation was more sensitive than the TBA method. 
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Texture and tenderness 
One of the characteristics of meat acceptability is tenderness, 
The word "texture" and "tenderness" of meat are related and must almost 
always be considered together in evaluating the quality of meat. 
Yeatman (1972) explained that the sensory perception of texture 
"depends on the deformation resulting from the application of pressure 
and/or on surface properties such as roughness, smoothness, or stickness 
estimated by sense of touch." 
Szczesniak and Kahn (1972) reported on the factors influencing 
awareness of attitudes to texture among adult consumers, including in-
tensity of flavor, socially and culturally learned expectations, psych-
ological and physiological factors, sex, socio-economic class, image of 
food, and eating occasions, 
Smith (1961) and Tuomy and Lechnir (1964) mentioned the factors 
which affect the tenderness of meat. These included fat content, fibers, 
amount and type of connective tissue, aging, processing, preparation 
for cooking and the cooking process. 
Tuomy et al. (1963) reported that heat coagulation of muscle fiber 
proteins and partial hydrolysis of connective tissue were two of the 
factors that influenced the tenderness of cooked beef. The largest amount 
of connective tissue is collagen which is heat-labile. 
Protein coagulation or denaturation was considered to be the major 
factor which caused toughness of beef and pork during the initial heating. 
The temperature and time of the heating varied with the type of meat 
(Tuomy and Lechnir, 1964; Tuomy et al., 1963; Hutchins et al., 1967; 
Lento and Daugherty, 1971). 
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The other factor expected to cause texture deterioration is lipid 
hydrolysis in meat, which occurs during the cold storage (-7 C to -29 C 
and the maximum is -4 C) of fish, pea, and turkey muscle. The liberated 
free fatty acids which resulted from the lipid hydrolysis accelerate 
deteriorative c~anges associated with protein denaturation during frozen 
storage (Fishwick, 1968). 
Freezing of pre-cooked turkey meat or any treatment in which the 
muscle of meat were massaged or flexed during the aging period tends to 
produce tender meat (Goodwin, 1963). Sex and age of turkeys were also 
found to have a significant effect on fibre diameter and sarcomera length 
(Varadarajulu and Cunningham, 1971). The tenderness of beef is affected 
by breeding, feeding, management, anatomy, cellular activity, enzymes, 
cooking techniques, and both physical and chemical changes. It is 
probable that the same is true for turkey. 
Two methods are widely used to measure the tenderness of meat 
(Dodge and Stadelman, 1960). One is a sensory panel where each member is 
given a sample to evaluate, either by the number of chews required to mas-
ticate the meat or by a rating judgement on some sort of a scale. This 
is considered to be a more accurate evaluation of tenderness, The second 
method is mechanical measurement. Several machines are available, although 
none of these appear capable of simulating the true action of a chewing 
mouth. One of the most widely used devices is the Warner Bratzler shear. 
The mechanical device which seems to be in closest agreement to a com-
petent panel is the Kramer press, This device works on the principle of 
shearing force, calculating the pounds of force required to shear meat. 
However, there are several problems in using this machine such as variations 
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caused by size and thickness of sample, moisture of sample, amount 
of connective tissue in the sample, and dehydration during sampling. 
Nevertheless, Dodge and Stadelman (1960) reported the greatest problem 
in tenderness evaluation, whether by panel or machine, was eliminating 
source of variation during cooking process. 
It has been stated that the Kramer shear press was also found to 
be the most satisfactory on poultry meat (Dodge and Stadelman, 1960). 
Wilkinson and Dawson (1967), reviewing Koonz and Robinson (1946), 
reported that poultry meat became more tender with additional cooking. 
Turkey meat cooked to only 55 C was significantly less tender (higher 
shear values) than meat cooked to 77 C or higher. Hoke et al. (1967) also 
found that tenderness of roasted light turkey meat increased significantly 
from slightly tough to tender with increases in internal temperature. 
Water content, juiciness, and press fluid 
Several workers, Pederson (1971); Ning and Marion (1968); Cover 
et al. (1964), pointed out that water is the most important constituent 
of meat, since water profoundly affected the ~uality of meat, not only 
in juiciness, but also the tenderness, color, and taste. 
According to Pederson (1971), total water content of meat includes 
(1) a small amount of tightly bound water, (2) immobilized water, and 
(3) a balance of free water. Protein is the principle water-binding 
substance in living organisms and is considered responsible for binding 
water in meat because of the characteristic hydrophilic nature of the 
native protein molecule. The myofibrillar proteins were specifically 
considered to be the main water-binding constituents of meat. Measure-
ments that differentiate between botrnd water and free water were freezing 
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point depression, vapor pressure, or dissolving power. 
Nonetheless, the water in the form of free molecules within the 
meat fibres and the interlying connective tissue was considered to be 
the major part of water in meat. "The bound and immobilized water is 
usually estimated as the amount of water remaining in the meat after it 
has been subjected to some kind of physical pressure. This is conveniently 
done by measurement of the release free water as the total water content 
is relatively constant. The pressure is most often produced by pressing 
the meat between two plates or by centrifugal force. As there is a con-
tinuous transition between immobilized and free water, the actual amount 
of water released will depend on the method used" (Pederson, 1971, p. 189). 
Several chemical analyses have been used to determine water con-
tent of meats. Ning and Marion (1968) used the refractiometric method, 
the Brabender apparatus and spectrophotometry, to estimate the water of 
raw turkey meat. This method had advantages of simplicity and speed, 
and the results correlated well with those from a standard oven method 
(A.O.A.C., 1965). The water content which was indicated by the refractive 
index was in the range of 73 percent to 85 percent. 
Water determined by chemical methods also shows variably with the 
part of the animal used. Wilkinson and Dawson (1966) reported the water 
content of raw light turkey meat was considerable higher than that of 
raw dark meat. 
Satterlee et al. (1971) reviewed the observation of Essary and 
Ritchey (1968) on water content of mechanically deboned turkey that the 
light turkey meat contained an average of 67.57 percent water content; dark 
meat contained 70.78 percent. It was also concluded that the mecha-
nically deboned turkey included a high skin content which yielded prod-
ucts with high fat content and a low water content. 
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The physical and chemical properties of meats could be denatured 
by heating within a certain temperature range because the amount of 
released juice either by processing or cooking could influence juiciness 
and texture of meat. 
Ham and Deatherage (1960) reported no remarkable change in the 
muscle protein of heating beef between 20 C to 30 C. Between 30 C and 
40 C a mild denaturation occurred, resulting in an unfolding of protein 
chains and in the formation of new salt and/or hydrogen bonds. Marked 
denaturation was reported to start at 40 C and continued at 50 C resulting 
in the formation of new stable cross linkages which are not split off by 
the addition of acid or base. The amount of negatively charged groups 
of the muscle proteins decreased with increasing temperature. Certain 
relative changes of charges were available for binding water dipoles. 
The denaturation and formation of new cross linkages continued between 
50 C and 55 C, but the decrease in acidic groups was delayed. When heated 
over 55 C the negatively charged group decreased again. Denaturation, 
resulting in a tighter network of protein structure, continued; however, 
at .about 65 C, denaturation was almost but not completely finished. 
The absolute amount of juice released was found to vary from muscle 
to muscle, and also depended on the cooking temperature (Wierbicki and 
Deatherage, 1958; Wilkinson and Dawson, 1967). It was shown that light 
turkey meat samples were less juicy than dark meat when cooked to 77 C 
or higher (Wilkinson and Dawson, 1967). Vadehra and Baker (1970) reported 
that the water holding capacity of deboned frozen thawed poultry neck 
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and back meat (puree) was about one half as great as that of native neck 
and back meat. However, Vadehra et al. (1970) also found that the smaller 
the particle size, the greater the water holding capacity. The juiciness 
of light and dark turkey meat was also decreased with increase in inter-
nal temperature from 165 F-195 F (Hoke et al., 1967). 
Various types of pressing devices have been used to replace pressing by 
hand because the devices can control the pressure and assure a greater acc-
uracy (Wierbicki and Deatherage, 1958). When pressing devices are used, it is 
always necessary to consider pressure, pressing time and pressing delay 
(the time between weighing and pressing) (Wierbicki and Deatherage, 1958). 
Results from tests using the varying pressure from 100 to 1,000 
pound per square inch (p.s.i,) show that the volume of free moisture 
varied with the pressure. Usually, the amount of the pressed-out juice 
increased with the increased pressure, but the increase of the free 
moisture volume was not directly related to the magnitude of the pressure. 
Presumably, the amount of water in meat is determined by the muscle 
proteins with water layers around the protein molecules which are held 
by different water binding energies. Each water layer requires a diffe-
rent pressure to be released by the protein molecules. The variation of 
the absolute amount of juice varies from muscle to muscle. The volume of 
free moisture was found to increase with the pressing time (Wierbicki 
and Deatherage, 1958). 
The time between weighing and pressing has been shown to affect 
the evaporation of moisture from air-exposed samples, Evaporation was 
responsible for smaller volume of free moisture. A change in temperature 
of samples was reported to be another factor affecting the protein-water 
relationship, as the beef samples taken from the refrigerator (7 C-10 C) 
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gave a somewhat smaller free moisture volume than samples at room tem-
perature (25 C), (Wierbicki and Deatherage, 1958). 
Water loss 
Water loss of meat products during the period of storing and pre-
paring products to serve panelists were found to be affected by several 
factors--type of muscle of meat, size of product, water holding capacity 
of meat, storage condition, thawing and cooking procedure (Vadehra and 
Baker, 1970; Vadehra et al., 1970; Pederson, 1971; Wilkinson and Dawson, 
1967; Bratzler, 1971; Hoffert et al., 1952; Wierbicki and Deatherage, 
1958; Asselbergs and Whitaker, 1961; Hamn and Deatherage, 1960; Hoke et 
al., 1967; Khan and Beng, 1967; Siemers and Hanning, 1953; Brodine and 
Carlin, 1968; Charpentier, 1972; Merkel, 1971). 
Water losses of meat products involve losses from thawing, cooking 
and evaporation of water during processing. Any cooking procedure that 
results in the greatest retention of fluids and fat will yield the jui-
ciest meat (beef, pork, lamb and veal). For this reason, juiciness usu-
ally varies inversely with cooking losses (Bratzler, 1971). 
Stembridge (1968) reviewed the works of Alexander, 1930; Bramblett 
et al., 1959; and Salvosa, 1963 which found that juiciness in beef was 
associated with both oven temperature and the internal temperature to 
which the meat was cooked. Higher oven temperatures resulted in greater 
losses in drip and evaporation. Hoke et al., (1967) studying roasted tur-
key suggested that internal temperature appeared to be a good guide to 
changes in cooking loss. 
MacNeil and Dimick (1970) compared the losses from cooking in 
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turkey roasts between sex and variety of bird as shown by table 1: 
Table 1. Sex and variety comparisons of cooking losses in turkey roasts. 
Cooking loss Cooking loss Cooking loss N breast meat % thigh meat % Total skin % 
Sex ComEarisons 
Males (mean) 75 27.4 JJ.6 17.4 
Females (mean) 75 27.4 34.5 20.2 
Indication of 
significance 
* 
Variet~ ComEarisons 
Bronze (mean) 70 27.1 34.1 17.1 
White (mean) 80 28.0 JJ.9 20.3 
Indication of 
significance 
* ** 
* 
Significant at the 5 percent level (Analysis of variance) 
** Significant at the 1 percent level (Analysis of variance) 
Wilkinson and Dawson (1967) reviewed the report of Wierbicki et 
al. (1954) that the amount of juice released from muscle during cooking 
depends on temperature level and the loss influenced texture as well as 
juiciness of meat. This previous premise was also confirmed by Bratzler, 
(1971) and Goma et al., (1972). 
According to Deatherage (1955), as reviewed by Asselbergs and 
Whitaker (1961), water holding capacity of meat directly related to 
quality of meat including juiciness, tenderness, taste, odor, drip on 
freezing and thawing shrinkage on cooking. 
Wierbicki and Deatherage (1958) stated that the water holding 
capacity of different muscles of animals vary from muscle to muscle, from 
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animal to animal, and with the post-mortem aging of the muscles. 
Hamm and Deatherage (1960) investigated the relationship of 
heating ground beef, pH of meat, and its water-holding capacity. Cooked 
ground beef with the lowest water-holding capacity was reported to be 
the meat which was heated at its isoelectric point (about pH 5.0). 
Heating meats with higher or lower pH values resulted in cooked meats 
with a better water-holding capacity. The effect of pH on water-holding 
capacity was also confirmed by Vadehra et al. (1970) who studied the 
hydration of ground broiler. Different parts showed a variation in 
water-holding capacity at a constant pH. They reported the water-holding 
capacity of the various parts was as followed: breast highest, then 
back, followed by neck, thigh and drumstick (approximately the same), 
with wing the lowest. 
Freezing and thawing were revealed to influence the water-holding 
capacity of ground broiler. The effect was greater when the meat was 
deboned and ground before freezing than when deboned and ground after 
freezing (Vadehra et al., 1970). 
Vadehra and Baker (1970) reported the water-holding capacity of 
frozen-thawed mechanically deboned poultry meat to be about one half 
as great as that of native neck and back meat. However, the amount of 
cooking loss of the former was lower than that of the undeboned meat. 
The spongy nature of cooked deboned meat was considered to be the reason. 
Studying male chickens, Khan and Berg (1967) stated that a decrease 
in the rate of freezing caused increased drip on thawing (0.5 ml of drip 
on fast freezing rate and 1.4 ml of drip on slow freezing rate), greater 
loss of liquid and weight during cooking and poor quality. 
Charpentier (1972) studied the longissimus dorsi muscle of 6-8 
year old cows, 18-20 month old bulls, Jt month old calves and legs of 
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4 month old lambs and legs of 6 month old pork, which were frozen to 
-20 C and thawed to 4 C at various speeds . The duration of preservation 
at -20 C varied from 10 days to 1 year. The result was that freezing 
and thawing rates had a relatively limited influence on the loss of 
water and on the organoleptic quality of the meat . However, combination 
of slow freezing and rapid thawing increased the loss of water. 
Pederson (1971) stated that aging of meat caused a slow increase 
in water-retaining capacity and resulted in less loss of juice after 
freezing and thawing the meat frozen shortly after onset of rigor. 
However, the increase in water-retaining capacity does not approach that 
of pre-rigo meat. 
During freezing, two factors were considered to be responsible for 
a change in reaction rate: temperature and concentration of s olutes in 
the unfrozen phase. A decrease in temperature nearly always decreases 
reaction rates. But an increase in concentration of solute can either 
decrease or increase the rate of reaction, depending on the type reaction 
and circumstances (Greene, 1971). 
Huber et al., (1970) reported that freezing treatment had a signif-
icant effect on the protein solubility of raw turkey muscle. Only sar-
coplasmic proteins were influenced by the rate of freezing. 
Reactions such as oxidation, insolubilization of protein, and 
glycolysis influence the quality of frozen food. In the range of -1 to 
-15 C, these reactions still accelerated depending on the temperature 
and concentration of solutes during freezing. Both enzymatic and non-
enzymatic reactions could occur for this case (Fennema, 1972). 
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Heinz (1972) showed the maximum stability of various kinds of meats 
without reduction in quality as shown in table 2: 
Table 2. The maximum stability of various kinds of meat without reduc-
tion in quality 
Kind of meat Period of maximum stability (months) Storage temperature(C) 
Beef 3 -10 
12 -20 
24 
-30 
Pork 2 -10 
7 -20 
18 -30 
Chicken 3 -10 
10 -20 
24 -30 
Game 6 -18 
The same worker also suggested that optimal temperature should be 
considered relatively to the physical size of meat, degree of ambient 
temperature and degree of bacterial multiplication in a given time. 
It was found that during 24 hour storage of turkey carcasses the 
center temperature of breast falls from 43 C to 4 C. Time had no effect 
on storage loss. The average loss during frozen storage was 2.82 percent. 
During thawing the meat lost another 4.78 percent. Cooking loss of fresh meat 
was lower than that of frozen meat (21.24 vs. 24.15percent)(Guhne, 1972). 
Brodine and Carlin (1968) reported that thawing methods (heating in 
the frozen state; thawing four days in a walk-in refrigerator; thawing 
in cold running water) had no effect on the tenderness of turkey. 
Tilgner (1972) found that thawing meat under refrigeration produced 
best results for juiciness and flavor. But thawing under running water 
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resulted in 41-50 percent weight loss, loss of color and flavor, However, 
Hoffert et al. (1952) showed the effect of different defrosting methods 
on losses of poultry (roasters) as follows: 
Table 3. Method of defrosting and average defrosting weight losses, 
cooking wei~t losses, and total loss (defrosting, holding, 
and cooking , 
Group of Defrosting Defrosting Cooking weight losses Total weight 
roaster X method wt. loss Volatile Total loss percent 
I 
II 
III 
Refrigerator 2.05 17.2 20.2 22.2 
Oven 20.0 23.7 23.7 
Refrigerator 2.25 18.9 21.9 24.8 
Room 1.54 18.8 21.5 23.8 
Refrigerator 1.10 18.2 20.0 20.4 
Water 0.98e 18.0 20.1 19.1 
e--Gain in weight. 
x--The roasters were divided into three groups: 
I One half of a bird was defrosted slowly in a refrigerator 
held at 41 F (5 C) and the other half during cooking in an 
oven at 302 F (150 C) . 
II One half of a bird was defrosted in the refrigerator and 
the other half at room temperature, 81-89 F (21-31 C). 
III One half of a bird was defrosted in the refrigerator and 
other half in water, 
Package types 
The type of package plays an important role in keeping quality of 
frozen meats, Samples of ground lean beef, lamb, and pork showed better 
flavor and total organoleptic quality when they were stored in films 
having a relatively low oxygen and water vapor permeability, than when 
they were stored in films having relatively high permeability (Clauss 
et al., 1957). 
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EXPERIMENTAL PROCEDURE 
Sample preparation 
Turkey meat from the drumstick, which had been mechanically deboned 
(Beehive Machinery Co.), was made into patties of ground turkey meat 
weighing CA 115 grams, then kept at -12 C. The night before testing, 
the samples were allowed to thaw at refrigerator temperature. 
Variables 
The following variables were investigated: 
1. Eighteen combinations of deboned meat and different grinds 
of turkey thigh were prepared as shown in table 4. 
Table 4. Combinations of deboned meat and different ground size. 
% added deboned tissue 
Size of ground meat 
O% 10% 20% 50% 80% 100% 
Coarse 
(5/8" mesh screen) 100 90 80 50 20 0 
Medium 
(J/8" mesh screen) 100 90 80 50 20 0 
Fine 
(1/8" mesh screen) 100 90 80 50 20 0 
2. Four types of fat at four levels were added to turkey to 
determine the optimum fat level and preferred type of fat (table 5). 
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Table 5. Type and levels of fat added to ground turkey meat. 
Type of added fat Level of added fat in ground turkey meat 
Turkey O% 10% 20% 30% 
Beef O% 10% 20% 30% 
Pork O% 10% 20% 30% 
Hydrogenated 
vegetable O% 10% 20% 30% 
The patties made from the above combinations (tables 4 & 5) were 
evaluated by sensory panels, chemical analysis and physical measurements. 
3. The quality of the frozen raw turkey burger was compared at 
0, 2 and 4 months. 
Experimental design 
Taste panel samples were presented in a randomized block design. 
Duplicate samples were given to the panel at each storage time. The press 
fluid assays were also run in duplicate at the same time as the taste 
panel. Chemical analysis were run on the same variables the day after the 
taste panel. Water and fat content were run in duplicate. TBA numbers 
were on average of 2 assays on each sample. The same block designs were 
used at each storage time. Data was evaluated statistically using 
analysis of variance. Least significant differences were calculated on 
the significant variables. 
Evaluation methods 
A. Sensory panel methodology. A semitrained panel consisting of 
approximately 20 members was used. 
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Throughout the study patties of the various combinatbns were cooked 
to an internal temperature of 175 F-180 F on a grill and held for 5 minutes 
in a warm oven until served to the panel members. Triangle testing was 
used to screen the panel. After the screening period, the panel evaluated 
all samples on a nine point rating scale for flavor, texture, juiciness, 
and hedonic (See Appendix B). Panel members judged randomly numbered 
3 x 5 em samples under red lights. 
B. Chemical analysis. Moisture content was determined by the 
official method of analysis of A,O,A,C, (1965): duplicate ten gram samples 
of raw turkey burger were dried to constant weight in aluminum moisture 
dishes in an radiant heat oven at 100 C for 16 hours. The percentage of 
moisture content of samples was determined from the weight loss. 
Crude fat was determined by using the official method of analysis 
of A,O,A,C, (1965) using a Goldfishch Extractor with petroleum ether. 
Fat analysis was ran in duplicate. After moisture content was determined, 
the dried samples were quantitatively transferred into thimbles, in order 
to extract fat with petroleum ether in a Goldfishch Extractor for 4 hours, 
Thiobarbituric acid analysis as described by Sinnhuber and Yu (1958) 
was used to study rancidity of the raw samples with different storage time. 
The results were expressed as TBA number--milligrams of malonaldehyde per 
1,000 grams of sample. Both TBA number and flavor score of sensory evalua-
tion were used to consider the rancidity of samples, The TBA test was 
carried out as follows: 
1) Fifty gram samples were blended with 50 ml distilled deionized 
water at low speed with a Sunbeam blender for 30 seconds to obtain homo-
genized samples. 
27 
2) Five ml aliquot of (1) was pipetted into a tared 250 ml flat bottomed 
refluxing flask. 
3) Five ml of distilled-deionized water was added to (2) and slurried 
by gentle agitation of the flask, 
4) Six ml of 2-TBA solution was prepared following the method of 
Kohn and Liversedge (1944) and added to (3). 
5) Ten ml of 0.5 M. trichloroacetic acid and 5 ml of pyridine 
hydrochloride were added to the flask prior to refluxing for 30 minutes 
on an electric stove. 
6) Sixty-nine ml of 0.6 N. HCL was added through the condenser 
adjusting the total volume of the flask to 100 ml. 
7) Refluxing was allowed to continue for 10 minutes followed by 
a cold waterbath until the contents of the flask reached a temperature 
of 27 C (Sinnhuber and Yu, 1958). 
8) A 40 ml aliquot of the cooled mixture was placed in a 50 ml 
centrifuge tube and centrifuged for 10 minutes at 5,000 rpm until 
free of suspended matter. 
9) The supernatant liquid was mixed with petroleum ether in the 
ratio of 3:2 and shaken, then centrifuged for 5 minutes at 5,000 rpm. 
10) The absorbancy of the clarified solution was determined on a 
Coleman Model spectrophotometer at 535 m and compared to a reagent 
blank prepared by substituting 5 ml of distilled-deionized water for 
the samples. 
11) A standard curve of the absorbancy of various concentrations of 
-6 -6 I malonaldehyde ranging from 1 x 10 to 6 x 10 mole litre was prepared 
and was used to compare the absorbancy of samples. 
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Physical measurement 
The juiciness of turkey burger patties was evaluated by the panel-
ists and indicated as juiciness score of sensory evaluation and also by 
press fluid data obtained from succulometer model CR-1 of Food Technolo-
gy Corporation (Bridge Company). The press fluid procedure involved hold-
ing each of one hundred grams of cooked samples at 120 ± 5 F, for 10 
minutes at 1,000 lbs pressure, with juiciness data expressed in ml of 
press ed juice . 
Tenderness measurement can be determined on a texture pressure. 
The sample is placed in a test cell to which force is applied by the 
hydraulic texture press. The resistance to deformation is then measured 
by the mechanical direct reading texture gauge. A preliminary study was 
done on tenderness of samples. The texture press machine number 3034 
of Bridge Food Machinery Company with flow control value of 9.5 and 
pressure of 300 lbs/in2 was used. This device did not consistently 
show accuracty in tenderness value determination of meat samples due to 
the difficulty in controlling the pressure and in maintaining a uniform 
pack of indivicual sample. Some samples were too soft and easily broken 
before being treated with the machine, while some were too tough and too 
hard to cut through by machine at the standard experimental pressure. 
Consequently, the outcomes were not uniform and texture measurement was 
eliminated. 
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RESULTS AND DISCUSSIONS 
Experiment I Type of Grind vs. % Deboned Meat Added 
Chemical, physical and taste panel data were analyzed by computer-
ized analysis of variance. Table 6 summarizes which results were sign1f-
icant and which were not. Average data for variables are shown in Table 
?. 
Acceptability 
At any storage time, sensory flavor scores (Figure 1: a,b,c,d) 
increased with increased fineness of grind. Although the results statis-
t ically showed significant differences among type of grind only at 0 
month of storage, the samples of fine and medium grind received higher 
flavor scores than the coarse ground samples at all time. This trend 
was confirmed by the results of chemical analysis (Figure 2: a,b,c,d). 
Coarse ground samples showed the highest TBA numbers, while lower TBA 
numbers were evident in the finely ground samples. This was due to the 
fact that the coarse grind was more susceptible to oxidation because of 
the loose pack of the ground meat which exposed more surface area to the 
air. 
The results of adding different percent deboned meat indicated a 
negative correlation in acceptability of ground turkey meat between TBA 
number and flavor score (Figures 3 & 4: a,b,c,d). The more deboned meat 
was added, the greater the TBA number and the lower the flavor score. 
Table 6. (A) Experiment I: Analysis of variance of sensory 
eval ua ti on. 
Storage time 
(month) 
0 
2 
4 
* p~ .05 
** P~.01 
Source of 
variance 
Replications 
Type 
Replication 
X 
type 
Percentage 
Type X 
PercAntage 
Error 
Total 
Replications 
Type 
Replication 
X 
type 
Percentage 
Type X 
Percentage 
Error 
Total 
Replications 
Type 
Replication 
X 
type 
Percentage 
Type X 
Percentage 
Error 
Total 
df 
1 
2 
2 
5 
10 
15 
35 
1 
2 
2 
5 
10 
15 
35 
1 
2 
2 
5 
10 
15 
35 
Mean Square 
Flavor Texture Juiciness Hedonic 
0.73 2.23 8.80 2.98 
2.03* 2.28 0.61 0.93 
0.06 0.39 1.89 0.74 
0.53 0.18 0.18 0.16 
0.20 0.20 0.13 0.28*-) 
0.20 0.11 0.08 0.06 
0.11 0.32 0.17 0.55 
1. 73 2.89 0.34 1.03 
1.17 0.68 0.14 0.45 
0.68! 0.26 0.27 0.64: 
0.16 0.16 * 0.46* 0.10 
0.10 0.09 0.12 0.18 
3.76 0.70 0.12 0.49 
0.25 0.24 1. 79 0.09 
0.79 0.34 0.51 0.68 
1.04: 0.28* 0.45 0.86! 
* * o. 51* 0.22* 0.20 0.42* 
0.12 0.08 0.16 0.14 
30 
Loss 
6.28 
10.51 
146.98 
33.50 
55.37 
60.36 
64.99 
J. 51 
JO, 53 
9.87* 
4.90 
2.91 
3.84 
62.12* 
2.56 
4.86 
* 12.10* 
2.53 
Table 6. (A) Continued. Experiment I: Analysis of variance 
of sensory evaluation. 
Storage time 
(month) 
Pooled 
storage 
time 
* P~.05 
** P~.01 
Source of 
variance 
Time 
Replication 
Time 
Type 
Time X TypE 
Pooled RT 
Percentage 
Type X 
Percentage 
Time X 
Percentage 
Time x Type 
X 
Percentage 
Pooled 
error 
df 
2 
3 
2 
4 
6 
5 
10 
10 
20 
45 
Mean Square 
Flavor Texture Juiciness Hedonic 
1.44 2.10 1.15 2.26 
1. 53 1.08 3.03 1.34 
3.26 4.18* 1.21 1. 71 
0.38 0.61 0.77 0.17 
0.69 0.47 0.85 0.62 
1. 76~ 0.4}~ 0.41* 1. 07 
0.18 0.10 0.25* 0.09 
0.33 0.15 0.25 0.30 
0.34t 0.24! 0.27* 0.35! 
0.14 0.10 0.12 0.13 
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Loss 
153.00 
25.04 
32.22 
21.96 
60.03 
27.21 
31.66 
10.51 
20.36 
21.93 
Table 6. (B) Experiment II: Analysis of variance of chemical and 
physical analysis. 
Storage time 
(month) 
0 
2 
4 
* P~.05 
** P~.01 
Source of 
variance 
Replications 
Type 
Replication 
X 
Type 
Percentage 
Type X 
Percentage 
Error 
Duplication 
Total 
Replications 
Type 
Replications 
X 
type 
Percentage 
Type X 
Percentage 
Error 
Duplications 
Total 
Replications 
Type 
Replications 
X 
type 
df 
1 
2 
2 
5 
10 
15 
36 
71 
1 
2 
2 
5 
10 
15 
36 
71 
1 
2 
2 
Mean Square 
TBA no. Water Fat 
content content 
19.29 4.38 1.38 
1021.29 5.96* 4.38 
380.30 0.24 0.27 
315.36* 13.17** 6.82** 
70.76 1.84 0.39 
70.05 0.86 0.18 
0.12 0.03 o.oo 
44.38 0.48 0.43 
252.67 17.64 4.39 
181.84 1.48 1.35 
212.68* 10. 75** 7. 59** 
44.20 1. 71* 0.43 
31.28 0.65 0.67 
0.07 0.01 0,04 
5.03 0.01 0.37 
383.88 6.48 3.42 
23.76 7.08 0.39 
32 
Press 
fluid 
24.97 
27.33 
4.51 
44.63* 
8.44 
12.67 
4.67 
39.83 
4.74 
26.72 
43.42 
48.07 
29.01 
44.14 
1. 00 
58.86 
12.76 
I 
Table 6, (B) Continued. Experiment II: Analysis of variance of 
chemical and physical analysis. 
Storage time 
(month) 
4 
Pooled 
storage 
time 
* P~.05 
** P~.01 
Source of 
variance 
Percentage 
Type X 
Percentage 
Error 
Dupli ca ti om 
Total 
Time 
Replicatiom 
Time 
Type 
Time x Type 
Pooled RT 
PercentaBe 
Type X 
Percentage 
Time X 
Percentage 
Time X TypE 
X 
Percentage 
Pooled erro:r 
Sampling 
Total 
df 
5 
10 
15 
36 
71 
2 
3 
2 
4 
6 
5 
10 
10 
20 
45 
108 
215 
Mean Square 
TBA no, Water Fat Press 
content content fluid 
64.22 9.57** 5.35** 93. 77** 
71. 91* 0.45 0.21 8.72 
28.23 0.71 0.50 6.74 
0.11 0.01 0.05 4. 71 
23.70 2.42 2.67 226. 97* 
22.90 1.62 0.73 21.93 
1464.89* 22.83* 11. 02** 53.40 
96.37 3.63 0.58 18.76 
195.30 2.93 0.67 14.66 
432. 91-~** 31.82** 18.51** 143.20** 
92.71* 1.74* 0.36 35.04* 
79.66 0.84 0.63 19.31 
47.08 1.13 0.33 15.09 
43.19 0.74 0.45 16.14 
0,10 0,02 0.03 17.84 
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Table?. Average data of all variables (Experiment I). 
Characteristic Storage time Type of grind % deboned meat added Pooled average tested -(month) f1.ne med1.um coarse 0 10 20 
.5U eo 100 
0 5.68 5 . .52 4.90 5.84 5.53 5.28 5.0? 5.0? 5.41 5.36 
2 5.34 5.06 4.59 5.17 5.56 5.12 4.?5 4.93 4.45 5.00 
Flavor 4 5.33 5.45 5.16 5.49 5.88 5.55 5.2? 4.80 4.89 5.31 
Average of 
pooled 5.45 5.34 4.88 5.50 5.66 5.31 5.03 4.93 4.92 5.22 
Storage time 
0 6.29 5.85 5.42 5.93 5.82 5.63 5.86 6.14 5.?3 5.85 
2 5.98 5.18 5.09 5.36 5.68 5.2? 5.39 5.64 5.15 5.41 
Texture 4 5.96 5.69 5.?8 5.65 6.23 5.83 5.69 5.?8 5.69 5.81 
Average of 
pooled 6.08 5.57 5.43 5.65 5.91 5. 58 5.65 5.85 5.52 5.69 
Storage time 
0 4.93 5.1? 5.38 5.38 5.29 5.20 5.15 4.89 5.06 5.16 
2 4.8? 5.o4 4.?0 5.00 5.11 4.71 5.06 4.59 4.?4 4.8? 
Juiciness 4 4.45 4.84 5.22 5.09 4.84 4.86 4.63 5.14 4.40 4.83 
Average of 
pooled 4.?5 5.02 5.10 5.16 5.08 4.92 4.96 4.8? 4.?3 4.95 
Storage time 
---- L..,_ - - - --- --- - ---
-- -----
-- -- --- --- ----- - -- -- --
¥ 
Table?. Continued, Average data of all variables (Experiment I). 
Characteristic Storage time Type of grind % deboned meat added 
tested (month) fine medium coarse 0 10 20 so 80 
0 5.29 5.31 4.82 5.31 5.30 4.90 s.oo 5.16 
2 4.81 4.85 4.32 4.81 5.17 4.72 4.36 4.63 
Hedonic 4 5.04 5.09 4.93 5.14 5.51 5.27 5.01 4.72 
Average of 
pooled 5.04 5.08 4.69 5.09 5.33 4.96 4.79 4.84 
Storage time 
0 23.1~ 24.36 24.99 27.47 21.62 26.28 22.46 24.70 
Loss during 2 27. !J3 26.53 27.25 29.03 27.38 27.80 27.13 25.80 
thawing and 4 25.51 29.46 29.45 28,08 28.89 29.01 28.55 27.71 cooking (%) 
Average of 
pooled 25.41 26.?8 27.23 28.19 25.96 27.70 26.05 26.07 
Storage time 
0 25.38 24.27 23.25 27.77 24.72 24.46 23.59 23.03 
2 24.67 24.09 24.96 27.17 25.33 24.13 23.73 21.57 
Press fluid 4 29.27 26.96 26.28 30.56 30.42 28.57 26.70 24.33 
Average of 
pooled 26.44 25.10 24.83 28.50 26.82 25.72 24.68 22.98 
Storage time 
---~~- ~- -- --~- --~-- ~ -- -- - -- - - -- -- ·· - -----
100 
5.18 
4.27 
4.46 
4,64 
22.48 
25.60 
26.59 
24.89 
22.23 
25.56 
24.43 
24.06 
Pooled average 
5.15 
4.66 
5.02 
4. 9'-1-
24.17 
27.12 
28.14 
26.48 
24.30 
24.57 
27.50 
25.46 
I 
\....> 
\.)"\ 
Table 7. Continued. Average data of all variables (Experiment I). 
Characteristic Storage time Type of grind % deboned meat added 
tested (month) fine medium coarse 0 10 20 so 80 
0 15.50 21.51 28.53 13.28 20.62 22.90 21.48 23.78 
2 19.04 19.13 24.71 15.75 16.88 19.92 23.97 22.63 
TBA no. 4 17.18 20,05 25.08 20.47 17.13 19.90 20.78 23.92 
Average of 
pooled 17.24 20.23 26.11 16.50 18.21 20.91 22.07 23.45 
Storage timE 
0 72.30 72.34 71.46 70.?7 71.20 71.40 72.50 72.98 
2 72.29 72.64 71.01 71.67 71.06 70.85 72.39 72.67 
Percent 4 72.91 72.13 71.93 71.65 71.51 71.49 72.58 73.29 water content 
Average of 
pooled 72.50 72.37 71.47 71.36 71.26 71.25 72.49 72.98 
Storage timE 
0 6.07 6.08 6.82 7.32 7.04 6.31 6.22 5.72 
Percent 2 6.33 6.59 7.16 7.15 7.61 7.36 6.37 6.04 
fat content 4 5.99 6.52 6.72 6.82 7.22 6.87 6.21 5.78 
Average of 
pooled 6.13 6.40 6.90 7.10 7.29 6.85 6.27 5.85 
ptorage time 
- -- - --- · -
100 
29.02 
26.61 
22.42 
26.02 
73.33 
73.25 
73.41 
73.33 
5.34 
5.62 
5.5)i-
5.50 
Pooled average 
21.85 
20.96 
20.77 
21.19 
72.03 
71.98 
72.32 
72.11 
6.32 
6.69 
6.41 
6.48 
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Figure 1. Average sensory flavor scores of cooked ground turkey meat as affected by type of 
grind at different storage times (a,b,c,d), type of grind and percent deboned meat 
(pooled data) at different storage time (e). 
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Figure 2. Average TBA number of raw ground turkey meat as affected by type of grind at different 
storage time, (e) type of grind and percent deboned meat (pooled data) at different 
storage time. 
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Figure J. Average flavor scores of cooked ground turkey meat as affected by percent 
deboned meat added at different storage time. 
\...) 
"' 
,; 
" ~ 
~,I)L e' r 
. 
. 
.. 
20 
1C 
Codo~ o( a,'b,c.4 
---• Dcl.on<'<t cut_ addt<l 
L.S.D.t OS- 7.28 
L.S.D, ~:ot •10.07 
~ De'boncd '-tat add<d 
• I 
I 
.. I 
I I 
I I 
I I 
0 
so 
20 , 
80 
100 
n .\ r.o. 
%3.28 
20.62 
22.90 
21.1.8 
2).78 
29.02 
I I 
J I 0'---' J 
L.s.o,t..o.s- 4.87 
L.S.D.t.,Ol • 6.7) 
" Dp'boned •u t &44od 
0 
10 
20 , 
80 
100 
TilA no. 1s.n 
16. 8/l 
19.92 
2).97 
22.6) 
26.61 
. 
I I 
1 I I 
1 I I 
I I I I I 
I I I J I 
1 I 1 I I 
f J I I I 
1 I 1 . 1 I 
1 I 1 I I 
1 I 1 I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
r 
I 
0 10 20 ~ 
(a) :: &e~onod 11eo.t added 
0 llonlh 
I I r I I 
cO 1CO 0 10 20 50 80 
(b) " Dobone<l 11e~t. ~Jod 
2 ;-;or.t.ha 
.L 
100 
L,S,Il., OS .. 4.&2 
t.,J,I), t.:ot • '·'' 
" Debcned 01:c&t added 
0 
10 
20 
50 
80 
100 
'!0.\ no. 
20.47 
17.1) 
19.90 
20.78 
2).92 
22.42 
I 
I I I • 1 I 1 
:· I : ~ 11 I I 1 · I I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I i I . I . r-..~ 
o 10 zo 50 eo 100 (c) % llel>ono-1 IIU'&~ added 
j 
i 
! 
0 
L,S,D.t..O.S • ).12 
L,S,D.t.Ol • 4.17 
" De 'boned ua t adic4 nA" ,o:- . 
0 16.>' 
10 18.~ 1 
~0 LC.';t 
50 22 . ')7 
60 2~.-~ 
100 26.02 
r 
i I 
i I I I I I I I I I I J I I I I r I I I I I I I s I I I J I I I z I I I . I I I A-!_ 
.to 20 .:,.:> eo 1:0 
Figure 4. Average TBA numbers of raw ground turkey meat as affected by percent deboned meat added at different storage time, 
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These results might be due to the effect of increased level of heme com-
pound in the deboned meat. 
However, the average of pooled data at 0, 2 and 4 months (Figures 1: 
e , 2: e) were not significant for either flavor scores or TBA numbers. 
Fat content and water content 
At each storage time, the coarse ground samples have a slightly 
higher level of fat than the other grinds. However, the results are only 
significant with the pooled storage time (Figure 5: a). 
Figure 5: b illustrates the decrease in fat content after adding 
different amounts of deboned meat. Since the mechanically deboned meat 
was removed from the drumsticks and the ground meat from the turkey's 
thigh, this difference is indicative of the thigh having a higher fat 
content. This supports the results of Dugan (1971) that "the total lipid 
content of animal tissue varies with carcass location." Lineweaver and 
Kloss (1955) stated that "the fat content of poultry tissue varied widely 
not only with respect to type of tissue, but also with respect to age, sex 
and estrogenic treatment and nutrition." 
Figure (5: c) shows that the coarse ground samples contained the 
lowest level of water content, while the fine and medium ground samples 
yield higher values. Both fine and medium ground samples had almost the 
same results. These may be due to the light pack of the former which 
caused less water to evaporate. 
The results of adding different percent deboned meat in ground 
turkey meat illustrated that the more deboned meat added, the higher 
the water content (Figure 5: d). 
The samples with 0 percent deboned meat added contained 71.36% 
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Figure 5. Average percent fa.t content and water content in raw ground turkey meat as affected by ~ 1\) 
(a,c) type of grind and (b,d) percent deboned meat added. 
43 
water while the samples of 100 percent deboned meat contained 73.33 percent 
water. The higher water content of the mechanically deboned meat increased 
the water content of the samples. 
Juiciness 
The type of grind did not have a significant effect on juiciness 
of samples at any storage time. However, the level of deboned meat added 
and also the percent deboned meat vs. grind interaction did make a sta-
tistically significant difference. The average scores of all storage time 
(Figure 6) showed that the more deboned meat added, the lower the juici-
ness of the samples. This paralleled the results of lower fat levels with 
increased levels of deboned meat, The trend was against the results of 
water content of samples. The panel may have rated the low levels of added 
deboned meat slightly higher because higher fat levels may be identified 
with juiciness and/or the lower level of added deboned meat were not as 
compact thus biasing the panel in its favor . 
. Press fluid 
The statistical analysis showed that the press fluid was signifi-
cantly increased (P~.05) with storage time (Figure 7: a). However, the 
values were only slightly different. 
The type of grind did not have a significant effect on press fluid 
at any storage time. There was, however, a trend that showed an increase 
in press fluid with increased fineness of grind. 
Average water level of the different grind only varied by 1%; 
therefore, large differences in press fluid were not expected. 
The level of added deboned meat showed a significant effect on 
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Figure 6. Average juiciness scores of cooked ground turkey 
meat as affected by percent deboned meat added. 
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press fluid at the storage time of 0 month (P~.05), 4 months (P~.01), 
and at pooled storage itme (P~.01). Generally, as the percent of added 
deboned meat was increased, the press fluid value was decreased (Figure 
7: b). With increased percent of added deboned meat there was an increase 
in water level and a decrease in fat level. Since the water may be bound 
by the protein present, the change in fat level may be reflected here. 
It is possible that the porousity of the meat due to different combination 
may have affected the flow of the press fluid. 
The interaction of percent deboned meat and type of grind (Figure 
7: c) had significant effect (P~.05) on press fluid. 
Loss during thawing and cooking 
Statistical analysis showed that the percent deboned meat had a signifi-
cant effect on thawing and cooking losses during 2 months storage. Type 
of g-.cind was also found to be significant on losses at 4 months storage. 
However, neither variable was significant on the pooled averages. The 
pooled averages did show a trend of increased losses as the grind became 
coarser. 
Texture 
At every storage time, the samples of fine ground meat received 
higher texture scores than the medium and coarse ground samples. However, 
the results were significant only at pooled storage time (Figure 8: a). 
'lhe panelists made the comment "greasy" for the coarse samples. The 
chemical analysis of fat content also showed the highest percent of fat 
content for coarse samples. The texture scores might have been influenced 
by the fat content. However, since the difference in fat content was less 
47 
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Figure 8, Average texture scores of cooked gi-ourid. 
turkey meat as affected by (a) type of 
grind (b) percent deboned meat added. 
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than 1 percent, the panel members were probably influenced by the size 
and distribution of the fat. 
Adding different levels of deboned meat significantly affected 
the texture of the patties. The samples with added 10 percent and 80 
percent deboned meat received the highest texture scores (Figure 8: b). 
One reason which can cause a pattern like this is when part of the taste 
panel prefers a high level of deboned meat and another segment of the 
panel prefers a low level of deboned meat. However, in re-examining the 
raw data, there was no indication of a split population. 
Overall acceptability (hedonic scores) 
The coarse ground samples obtained the lowest score for the pre-
ference by panelists, while the higher scores went to the samples of 
fine and medium grind. The panelists seemed to prefer the medium grind-
ing most. The 10 percent added deboned tissue of any type of grinding 
received the highest preference scores. 
49 
Experiment II: Type of Added Fat vs, %Fat Added 
The summary of significant and nonsignificant results of different 
fat levels and types of fat is shown in Table 8. The average values are 
in Table 9. 
AcceEtability 
The TBA number trends at each storage time are the same. However, 
the results were significantly differences only at pooled storage time 
(Figure 9: a). These results are: 14.?0 for samples containing beef fat, 
12.82 for samples containing pork fat, 11.84 for samples containing turkey 
fat, and the lowest was 11.22 for samples containing vegetable fat. The 
significant differences (P~.05) of TBA n1mber were found among the 
previous mentioned samples. Whereas the fat analysis results (Figure 9: 
b) revealed the highly significant differences (P~.01) among samples 
and showed the high level of fat content belonged to samples containing 
beef, pork, vegetable, and turkey fat, respectively. 
The main factor which caused the lowest TBA number of samples 
containing vegetable fat at any level was presumably due to the effect 
of the added antioxidant in vegetable fat. 
Samples containing beef fat had the highest TBA numbers. In 
contrast, the TBA number of samples containing turkey fat was expected 
to be higher than the others, because of the intense unsaturated fatty 
acid components of oleate and linoleate and the low levels of natural 
tocopherol as an antioxidant (Marion and Forsythe, 1964; Hartung, 1965; 
Table 8. (A) Experiment I: Analysis of variance of sensory 
evaluation. 
Storage time 
(month) 
0 
2 
4 
* P.:::.o5 
** P~.01 
Source of 
variance 
Replications 
Type 
Level 
Type x Level 
Error 
Total 
Replications 
Blocks 
Replications 
Type 
Level 
Type x Level 
Error 
Total 
Replications 
Blocks 
Replications 
Type 
Level 
Type x Level 
Error 
Total 
df 
1 
3 
3 
9 
15 
31 
1 
2 
3 
3 
9 
13 
31 
1 
2 
3 
3 
9 
13 
31 
Mean Square 
Flavor Texture Juiciness Hedonic 
1.60 0.33 0.09 3.56** 
1.14 1.22** 1.27* 0.59 
0.46 3.90** 0.55 1.45 
0.53 1.09** 0.65 0.97 
0.48 0.22 0.32 0.41 
0.03 1.19 2.84** 1.19 
0.26 0.16 1.24* 0.99 
0.19 1.17 0.26 0.18 
0.82 1. 58* 0.56 1.06 
0.38 1.25* 0.10 0.74 
0.31 0.45 0.24 0.33 
7.87** 8.80** 1.07 6.24** 
0.24 0.79 0.20 1.28 
0.86 2.24* 0.39 1.25 
3.07** 3.64** 0.44 4.36** 
0.23 0.50 0.71* o.oo 
0.39 0.61 0.23 0.47 
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Loss 
84.86 
149. 99* 
204. 59* 
55.92 
38.73 
1.53 
30.53 
113.03* 
173.86*' 
28.00 
20.06 
14.39 
42.89 
109.72* 
45.40 
21.89 
25.80 
Table 8, (A) Continued, Experiment I: Analysis of variance 
of sensory evaluation. 
Storage time 
(month) 
Pooled 
storage 
time 
* p~ .0.5 
** P,,01 
Source of 
variance 
Time 
Re:Qlications 
Time 
Type 
Level 
Type x Level 
Time x Type 
Time x Level 
Time x Type 
X 
Level 
Pooled error 
df 
2 
3 
3 
3 
9 
6 
6 
18 
4.5 
Mean Square 
Flavor Texture Juiciness Hedonic 
6.02 _5.83 0.74 _5.49 
3.17 3.44 1.33 3.66 
1.01 3.99** 0.72 1.11 
3 • .52** 8.44** o. 99* .5.93** 
0.76 2.28** 0.67* 0.90 
0 . .59 0.32 0,60 0.46 
0.41 0.)4 0.28 0.47 
0.24 0.38 0 . .5.5* 0 . .51 
0.40 0.43 0.26 o,4o 
.51 
Loss 
92.73 
33 . .59 
326.30*"* 
376. 34*"* 
96.82*-ll 
20.22 
23.76 
12.6.5 
28.20 
Table 8. (B) Experiment II: Analysis of variance of chemical and 
physical analysis. 
Storage time 
(month) 
0 
2 
4 
* P~.05 
** P-' .01 
Source of 
variance 
Replications 
Type 
Level 
Time x Level 
Error 
Duplications 
Total 
Replications 
Blocks 
Replications 
Level 
Type 
Type x Level 
Error 
Duplications 
Total 
Replications 
Blocks 
Replications 
Type 
Level 
Type x Level 
Error 
Duplications 
Total 
df 
1 
3 
3 
9 
15 
32 
63 
1 
2 
3 
3 
9 
13 
32 
63 
1 
2 
3 
3 
9 
13 
32 
63 
Mean Square 
Water Fat TBA no. content content 
201.61* 8.83 4.63 
13.68 83.10** 206.22** 
32.78 927. 55** 1573.85** 
33.23 J4, 70** 50.36** 
28.96 4.12 8.28 
0.04 0.27 0.13 
454. 76** 13.20 180.16 
16.56 3.13 33.25 
44.?1 977 .85** 1232.90** 
91.45 88.28** 238.24* 
23.33 36.65** 76.10 
35.21 4.20 59.04 
0.07 0.06 56.27 
74.74 1.42 1.11 
65.17 9.24** 1.07 
50.42 66. 57* 109.02** 
216.99** 954.44** 1793.86** 
74.65* 19.63** 35.85** 
22.32 1.13 2.43 
0.04 0.06 0.14 
52 
Press 
fluid 
43.07 
10.41 
11.93 
14.63 
49.95 
8.57 
49.26 
63.70 
93.29 
48.59 
68.93 
105.79 
47.39 
0.36 
138.40 
30.66 
114.26 
8.93 
45.54 
9.77 
5J 
Table 8. (B) Continued. Experiment II: Analysis of variance of chemical 
and physical analysis. 
Storage time 
(month) 
* p~. 0.5 
** p' .01 
Source of 
variance 
Time 
Re]2lications 
Time 
Type 
Level 
Type x Level 
Time x Type 
Time x Level 
Time x Type 
X 
Level 
Pooled error 
Sampling 
Total 
df 
TBA no. 
2 72.07 
3 243.70 
3 110.6.5* 
3 109.70* 
9 74.58* 
6 22.4.5 
6 92.39** 
18 37.40 
4.5 27.27 
96 o. 0.5 
191 
Mean Square 
Water Fat Press 
content content fluid 
2.11 8.81 337.93 
7.81 61.97 30.90 
236. 6.5** .501.59** 50.68 
2846.49** 4520.12** 1.51. 52 
80.78** 134.63** 51.07 
0.65 25.95 19.49 
6.68 40.24 JJ.98 
6.48* 17.65 43.17 
3.1.5 23.2.5 67.10 
0.13 18.84 21.91 
Table 9. Average data of all variables (Experiment II). 
Characteristic Storage time Type of fat Percent fat added pooled 
tested (month) turkey beef pork vegetable 0 10 20 30 average 
0 5.80 5.70 5.96 6. :ft 6.05 6.28 5.98 5.69 6.00 
2 5.84 5.66 5.46 5.65 5.87 5.99 5.40 5.37 5.66 
Flavor 4 5.49 5.05 4.73 5.28 5.61 5.73 4.67 4. :ft 5.15 
Average of 
pooled 5.71 5.47 5.38 5.82 5.84 6.00 5.35 5.20 5.60 
Storage time 
0 5.99 6.39 5· 51 5.66 6.49 6.43 5.59 5.04 5.89 
2 5.59 6.04 5.23 5.23 6.11 5.62 5.26 5.11 5.52 
Texture 4 5.44 5.39 4.29 5.03 5.63 5.48 4.88 4.15 5.04 
' 
Average of 
pooled 5.67 5.94 5.01 5.31 6.08 5.84 5.24 4.76 5.48 
Storage time 
0 5.82 5.93 6.64 6.46 5.86 6.43 6.15 6.40 6.21 
2 6.28 5.84 6.02 6.03 5.72 5.97 6.35 6.11 . 6.04 
Juiciness 4 6.01 5.78 6.16 5.67 5.69 6.07 6.15 5.72 5.91 
Average of 
pooled 6.04 5.85 6.27 6.05 5.76 6.16 6.22 6.08 6.05 
Storage time 
~ 
Table 9. Continued, Average data of all variables (Experiment II). 
Characteristics Storage time Type of fat 
tested (month) turkey beef pork vegetable 
0 5.44 5.72 5.66 6.07 
2 5.41 5.35 5.06 5.24 
Hedonic 4 5.15 4.84 4.32 5.17 
Average of 
pooled 5.33 5.30 4.98 5.49 
Storage time 
0 25.46 29.66 21.93 31.55 
Loss during 2 27.63 33.63 25.75 32.38 thawing 
and 4 30.93 30.13 25.40 34.39 
cooking 
Average of (ml/100 g) 
(%) pooled 28.00 31.14 24.36 32.70 
Storage time 
0 28.28 28.09 28.53 29.88 
2 22.92 26.93 23.11 23.91 
Press fulid 4 25.48 28.62 26.46 27.73 
Average of 
pooled 25.56 27.80 26.04 27.17 
Storage time 
Percent fat added 
0 10 20 
5.83 6.15 5.68 
5.61 5.53 5.02 
5.36 5.59 4.52 
5.60 5.76 5.07 
22.80 23.16 29.13 
25.88 27.63 29.38 
28.86 28.46 29.86 
25.84 26.42 29.46 
28.32 27.73 29.73 
26.00 22.r!ft 26.44 
29.56 26.06 28.89 
27.96 25.44 28.36 
30 
5.13 
4.89 
4,00 
4.68 
33.31 
26.50 
33.68 
34.49 
29.00 
21.66 
23.78 
28.41 
pooled 
average 
5.70 
5.26 
4,88 
5.28 1 
27.1o 1 
29.84 
30.21 
29.05 
28.70 
24.16 
27.07 
26.64 
"' "' 
Table 9. Continued. Average data of all variables (Experiment II ) . 
Characteristics Storage time Type of fat Percent fat tissue added pooled 
tested (month) average 
turkey beef pork vegetable 0 10 20 30 
0 11.30 13.09 11.04 12.15 13.99 10.81 11.22 11. .56 11.89 
2 11.29 15.34 12.42 9.67 11.30 10.36 14.10 12.96 12.18 ! I 
TBA no. 4 12.92 15.67 14.99 11.85 9.76 11.97 15.76 17.95 13.86 . 
Average of ' 
pooled 11.84 14.70 12.82 11.22 11.68 11.05 13.69 14.16 12.64 
Storage time 
0 66.17 62.13 61.53 61.33 69.96 66.66 62.10 52.44 62.79 
2 65.92 61.93 61.17 60.84 69.70 67.46 60.31 52.39 62.47 
Percent 4 65.44 62.21 61.24 61.03 70.17 66.84 60.21 52.70 62.48 
water content 
Average of 
pooled 65.84 62.09 61.31 61.07 69.94 66.99 60.87 52.51 62.58 ' 
Storage time 
0 14.87 22.30 22.42 21.13 10.96 15.06 21.49 33.48 20.18 I 
2 15.83 25.19 21.05 21.62 14.17 13.79 23.36 32.25 20,92 I 
I 
Percent 4 16.68 21.47 21.86 22.25 9.79 14.79 23.85 33.84 20.56 i 
fat content Average of 
·I pooled 15.79 22.99 21.78 21.66 11.55 14.55 22.93 33.19 20.5J Storage time 
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Figure 9. Average TBA numbers of raw ground turkey rr.eat as affected by (a) type of added fat 
(b) % fat added (c) amount of total fat (d) average flavor scores as affected by % 
fat added. 
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Keskinel et al., 1964; Riemenschneider, 1955). However, the low level 
of fat content in samples containing turkey fat might explain this 
because the amount of total fat also affects TBA numbers (Figure 9:c). 
Statistical analysis of the TBA numbers demonstrated a linear 
response with level of added fats (Figure 9:b). Concurrent increases 
in TBA numbers would be expected since there was more fat to undergo 
oxidation changes (Marion and Forsythe, 1964). At 4 months storage, 
highly significant differences (P~.01) in TBA values of sample with 
different levels of added fat were evident between O% vs. 20%, O% vs. 
30%, 10% vs. 20% and 10% vs. 30%. Results from sensory evaluation by 
flavor scores (Figure 9:d) indicated a negative correlation with the 
TBA number. Samples between O% and 10% fat received higher score than 
those between 20% and 30% fat. The panelist could not tell the difference 
between samples with low percentages of added fat. It was also observed 
that the TBA numbers of most samples increased with the time of storage. 
Fat content and water content 
In general, at any storage time the samples with added turkey fat 
contained lower total fat content (Figure 10). The opposite was true 
for the water content of these samples (Figure 10:b). This is probably 
due to the turkey fatty tissue having a higher percent water in it 
than the pork or beef fatty tissues or the added vegetable fat. 
Table 10. Mean fat contents at various levels 
Added level of fat Designation 
O% No fat added 
10% Low 
20% Medium 
30% High 
Mean of fat content 
11.55 
14.55 
22.93 
33.19 
Since the ground turkey meat contains fat even before additional 
59 
fat is added, all fat levels are, in reality, higher than the designated 
"added fat level." Actual fat levels consist of original fat plus the 
added fat (Figure 10:c, Table 10). 
Figure (10:d) shows that as the level of added fat increases, the 
water content of samples decreases. 
Juiciness 
When more fat was added, samples became juicier (Figure 11:a) 
The results are significant at 4 months and at pooled storage time. 
Figure (11:b) illustrates the difference in juiciness scores due 
to interaction between type and level of added fat. The samples of added 
turkey fat shared an increase in juiciness score as the fat was elevated 
up to 20%, and decreased with 30% added fat. The added beef fat samples 
generally indicated a decline in score as the added fat was raised. 
However, among beef fat samples, 10% of added beef fat had a slightly 
higher score than the other levels. 'Ihe samples with added pork fat showed 
that increase in juiciness scores were obtained as the level of added pork 
fat was increased. The juiciness scores for added vegetable fat samples 
were increased as the fat was added up to 10%. Then declines in score 
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were obtained for 20% and JO% of added fat. 
The premise might be clarified with the total loss outcomes which 
demonstrated the highest loss in added vegetable fat samples, followed by 
added beef and turkey fat, the lowest loss in added pork fat samples. 
Relationships, therefore, are observed among level of added fat, 
loss during thawing and cooking and juiciness of meat samples. Even-
though increase in fat level causes juicier samples, it also results in 
an increase in loss. 
Press fluid 
Press fluid was only statistically significant when comparing the 
different storage time (Figure 12). This significant difference (P~.05) 
of press fluid was between 0 month and 2 months storage. The values for 
4 months storage showed an increase in press fluid, but was not considered 
different enough from the other two to be noteworthy. 
In general, press fluid did not seem to be affected by any of the 
variables in experiment II. 
Loss during thawing and cooking 
Samples with added vegetable fat had the highest loss while samples 
with added beef and turkey fat were second and third and pork gave the 
lowest loss (Figure 13:a). This might be expected because of the low 
melting point of the vegetable fat which contains more unsaturated fatty 
acids than the others, although it was hydrogenated in order to raise the 
melting point and produced a harder as well as a more stable fat (Dugan, 
1971). Turkey fat samples, however, were expected to be second, since . 
they are known to contain more unsaturated fatty acids than other meat 
fats. 
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Figure 13:b illustrates that as higher levels of fat were added, 
the percent total loss was increased. It may be concluded that fat 
content affected percent total loss of samples. Consequently, the lower 
total loss of samples with turkey fat could be explained by the lower 
fat content of the added turkey fat samples as compared with the other 
samples. 
Texture 
Figure 14:a,b illustrate that the samples with added turkey fat 
and beef fat obtained the higher texture scores tha.n those with added pork 
and vegetable fat. The results also showed that the more fat added, the 
lower texture score was obtained, 
Overall acceptability (hedonic scores) 
The hedonic scores from adding different type of fat are not 
s ignificant at any storage time. However, the added hydrogenated vegetable 
fat received the highest hedonic values (Figure 15:a). The reason may 
be due to less rancidity in samples with added vegetable fat than the 
others. The vegetable fat contained added antioxidants butylatedhydroxy 
anisole (BHA) and butylatedhydroxy toluence (BHT). 
The highest hedonic score were received by sample with 10% of 
added fat. The observation also indicated that as the level of added 
fat increased (Figure 15:b), lower scores for preference were obtained. 
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SUMMARY 
Two separate experiments were done in order to evaluate the quali-
ties of ground turkey samples. 
Experiment I. Evaluation of the effect of different methods of grinding 
(coarse, medium, and fine, respectively) and percent added deboned meat 
(0%, 10%, 50%, 80% and 100%) on acceptability of samples. 
Experiment II, Evaluation of the effect of adding different kinds of fat 
(turkey, beef, pork, and hydrogenated vegetable fat) and levels of added 
fat (0% to JO%) on acceptability of samples. 
Results from both experiments indicated that grinding size, percent 
deboned meat, kind of added fat, and level of added fat affected the 
acceptability of ground turkey samples. The samples with less mechanically 
deboned meat or added fat generally received the highest acceptability 
scores. 
Results clearly indicated that TBA number increased with increased 
level of added fat and increased storage time, The amount of press flui~ 
in samples from experiment II, generally, did not seem to be affected by 
any of the variables, However, the amount of press fluid in samples from 
experiment I increased as storage time increased, 
The recommendation for developing the qualities and acceptability 
of ground turkey samples is that the products should be ground medium 
size (3/8") and contain levels of either deboned meat or fat not to exceed 
10 percent. The maximum storage time of frozen products should not exceed 
2i months at -20 C. 
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APPENDIXES 
APPENDIX A 
Table 11. Experiment II: Interaction between type of fat added and 
percent added fat. Averages of the tested characteristics 
for variable that were significant. 
Characteristic Storage Type 
tested time of 
(month) grind 
fine 
0 medium 
coarse 
fine 
Flavor** 2 medium 
coarse 
fine 
4 medium 
coarse 
~ine 
0 medium 
coarse 
~ine 
Texture** 2 i'lledium 
poarse 
ifine 
4 inedium 
poarse 
**Highly significant (P-'.01) 
* Significant (P~.05) 
0 
6.06 
5.62 
5.85 
5.76 
5.03 
4.73 
6.08 
5.63 
4.80 
6.31 
5.72 
5.77 
6.12 
5.36 
4.61 
6.18 
5.40 
5.37 
Percent deboned meat added 
10 20 50 80 100 
5.62 5.42 5.58 5.65 5.74 
5.72 5.62 5.11 5.12 5.93 
5.25 4.79 4.52 4.45 4.55 
5.82 5.55 5.20 5.19 4.51 
5.70 5.24 5.09 5.06 4.28 
5.16 4.56 3.97 4.55 4.57 
5.80 5.16 5.32 4.60 5.05 
5.85 5.75 4.73 5.47 5.28 
6.00 5.75 5.77 4.32 4.35 
6.07 6.01 6.59 6.82 5.94 
5.62 5.86 5.71 6.37 5.86 
5.79 5.03 5.30 5.22 5.40 
6.38 5.91 5.81 · 5.98 5.68 
5.65 5.01 5.07 5.29 4.72 
5.03 4.90 5.29 5.65 5.05 
6.60 5.79 6.07 5.45 5.71 
6.00 5.56 5.35 5.90 5.93 
6.10 6.15 5.65 6,00 5.43 
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Table 11. Continued. Experiment I: Interaction between type of grind 
and percent deboned meat added. Averages of the tested 
characteristics for variable that were significant. 
Charac teri s tic StoragE Type Percent deboned meat added 
tested time of 
(month) grind 0 10 20 50 80 100 
fine 4.81 5.11 4.80 4.89 5.01 4.98 
0 medium 5.49 5.14 5.54 5.16 4.62 5.05 
coarse 5.83 5.62 5.25 5.47 5.04 5.15 
fine 4.78 5.08 4.00 5.65 4.97 4.74 
2 medium 5.57 5.36 5.42 5.10 4.19 4.61 
coarse 4.66 4.88 4.73 4.45 4.62 4.87 
Juiciness fine 4. 71 4.95 4.39 4.06 4.38 4.19 
4 medium 5.03 4.60 4.95 4.55 5.35 4.58 
coarse 5.55 4.98 5.25 5.42 5.69 4.42 
Pooled fine 4.77 5.04 4.40 4.86 4.79 4.64 
storage 
medium 5.3t 5.03 5.30 4.94 4.72 4.74 time 
coarse 5.3.: 5.16 5.08 5.09 5.11 4.81 
fine 4.81 5.41 5.02 5.40 5.65 5.47 
0 medium 5.4~ 5.55 5.33 5.06 5.09 5.44 
coarse 5. 7C 4.94 4.36 4.55 4.74 4.64 
fine 5.21 5.48 4.82 4.26 4.74 4.36 
Hedonic** 2 medium 4.~ 5.21 5.12 4.87 4.68 4.38 
coarse 4.3E 4.83 4.22 3.96 4.49 4.07 
fine 5. 5( 5.57 4.93 5.14 4.51 4.56 
4 medium 5.22 5.19 5.25 4.64 5.34 4.92 
coarse 4.6_: 5.78 5.63 5.26 4.32 3.92 
*Significant (P~.05) 
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Table 11. Continued. Experiment I: Interaction between type of grind 
and percent deboned meat added. Averages of the tested 
characteristics for variable that were significant. 
Characteristic Storage Type Percent deboned meat added 
tested time of 
(month) grind 0 10 20 50 80 100 
Pooled fine 15.00 12.79 18.51 16.71 19.07 21.3'( 
TBA no.* storage medim 17.85 20.04 18.50 18.93 22.40 23.6 
time coarsE 16.65 21.80 25.71 30.58 28.87 33.0 
Pooled fine 71.41 71.43 71.66 73.00 73.37 74.12 
Percent* storage 
water content time 
mediun 71.36 71.43 71.89 72.57 73.57 73.4' 
coarse 71.31 70.92 70.20 71.89 72.04 72.4 
Pooled fine 30.63 26.93 27.59 26.22 25.04 22.22 
Press fluid storage mediun 27.50 27.92 25.87 23.97 22.10 23.2'( 
time 
coarse 27.36 25.61 23.69 23.84 21.79 26.6E 
* Significant (P~.05) 
Table 12. Experiment II: Interaction between type of fat added and 
percent added fat. Averages of the tested characteristics 
for variable that were significant. 
Characteristic Storage time 
tested (month) 
Pooled Texture** storage time 
Juiciness* 
0 
2 
4-
Pooled 
storage time 
**Highly significant (P~.01) 
*Significant (P~.05) 
Per-
cent 
fat 
added turkey 
0 5.97 
10 5.4-o 
20 6.01 
30 5.31 
0 5.'+1 
10 5.26 
20 6.'+5 
30 6.17 
0 5.81 
10 6.84-
20 6.4-1 
30 6.04-
0 5.70 
10 5.4-8 
20 6.59 
30 6.29 
0 5.64-
10 5.86 
20 6.4-8 
30 6.17 
Type of fat added 
beef pork vegetable 
6.03 5.96 6.34 
6.08 5.80 6.08 
5.65 4-.37 4-.95 
6.00 3.90 3.85 
6.22 6.22 5.62 
6.30 7.18 7.00 
5.07 6.31 6.78 
6.13 6.85 6.4-4-
5.61 5.'+7 6.01 
5.56 5.37 6.11 
6.00 6.87 6.14-
6.18 6.38 
6.13 5.28 5.68 
6.19 6.28 6.34 
5.86 6.33 5.82 
4-.97 6.76 4-.89 
5.98 5.65 5.77 
6.01 6.28 6.4-8 
5.64- 6.50 6.25 
5.76 6.66 5.72 
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Table 12. Continued. Experiment II: Interaction between type of fat 
added and percent added fat. Averages of the test charac-
teristics for variable that were significant. 
Characteristic Storage time Per- Type of fat added cent 
tested (month) fat turkey beef pork vegetablE added 
0 25.66 25.69 26.03 26 . 00 
Loss during Pooled 10 29.48 26.17 22.56 27.46 thawing and 
storage time 
cooking 20 26.78 33.71 23.40 . 33.94 
30 30.11 38.98 25.46 43.43 
0 8.69 13.64 12. _58 11.83 
Pooled 10 11.12 13.48 10.72 8.87 TBA no.* 
storage time 20 14.62 13.33 11.56 15.25 
30 12.92 18.35 16.41 8.95 
0 72.02 67.54 69.68 70.59 
10 67.24 65.66 66.28 67.45 0 
20 64.62 65.17 59.57 59.04 
30 60.80 50.15 50. _58 48.24 
Percent* 0 68.30 70.12 69.35 71.04 
water content 10 69.51 66.94 66.20 67.17 2 
20 64.45 60.14 59.05 57.62 
30 61.43 50.53 50.09 47.53 
0 70.07 70.20 70.11 70.30 
4 10 68.29 66.23 65.48 67.38 
20 64.08 60.39 57.64 _58. 74 
30 59.34 52.04 51.72 47.71 
** Highly significant (P~. 01) 
* Significant (P~ • 0 5) 
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Table 12. Continued. Experiment II: Interaction between type of fat 
added and percent added fat. Averages of the test charac-
teristics for variable that were significant. 
Characteristic Storage tine Per- Type of fat added cent 
tested (month) fat 
added turkey beef pork vegetable 
0 70.13 69.29 69.71 70.64 
Percent Pooled 10 68.35 66.27 65.99 67.34 
water content storage time 20 64.38 61.90 _58.77 _58.47 
30 60.52 50.90 50.80 47.83 
0 10.37 16.32 10.20 9.30 
Percent Pooled 10 12.28 15.51 16.83 13.56 
fat content storage time 20 17.25 23.29 25.24 25.96 
30 23.26 36.82 34.84 37.83 
**Highly significant (P~.01 
* Significant (P-'.05) 
APPENDIX B 
TRIANGULAR TASTE TEST 
Name 
-------------------------------------------
Date __________________________________________ _ 
In each of the following sets of samples, circle the code number 
of the sample that is different from the other two samples. Afterwards, 
indicate by a check mark if this difference was definite or hardly 
discernible. 
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Definite hardly discernible 
Definite hardly discernible 
Definite hardly discernible 
Definite hardly discernible 
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RATING SCORE SHEETS 
Date ______________________________ ___ Name 
----------------------------
Code flavor Texture Juiciness Hedonic Value 
. . 
Score Flavor * 
9 Extremely good 
8 Very good 
7 Moderately 
good 
6 Slightly good 
5 Neither good 
nor poor 
4 Slightly poor 
J Moderately 
poor 
2 Very poor, 
off flavor 
1 Extremely poor, 
off flavor 
ADJECTIVES USED FOR SCORING 
TURKEY BURGER 
Texture Juiciness 
Excellent textural Extremely juicy 
properties 
Very good texture Very juicy 
Moderately good Moderately 
juicy 
Slightly good Slightly juicy 
Texture neither Neither 
good nor poor 
Slightly poor Slightly dry 
Moderately Moderately dry 
Very poor Very dry 
Extremely mushy Extremely dry 
or extremely 
tough 
Hedonic-personal 
Like or dislike 
Excellent 
Very good 
Good 
Okay 
No opinion 
Not especially 
good 
Poor 
Rather bad 
Horrible 
* Any flavor which is not characteristic make a note in comment column 
on the score sheet. 
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